Environmental changes during the last 2 millennia in the Minho River tidal 20 marsh (NW Portugal-Spain border) were reconstructed. Changes in the sources 21 of organic matter (OM) delivered to the marsh were evaluated from elemental, 22 isotopic and molecular composition using a 1 m sediment core. Carbon isotopic 23 composition (δ 
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in triplicate on ground and homogenised aliquots using an elemental analyzer 143 (Carlo-Erba EA-1110 microanalyzer). TOC content were measured after pre-144 treatment with 2M HCl (3 x) to remove carbonate. Total inorganic carbon (TIC) 145 was obtained from the difference between TC and TOC (Nieuwenhuize et al., 146 1994) . The instrumental readings were checked against aliquots of a 147 sulphanilamide standard. The analytical error based on triplicate analyses was 148 within 5% to 8% for TOC, TS and TN. 149 150
δ
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C measurements 151
Carbon ( 13 C) isotope analysis was performed on decarbonized 152
sediments. An aliquot (ca. 1g) of each core section was ground to a fine 153 powder, homogenized in a ball mill, treated with 2M HCl (3x), and washed and 154 Nittrouer et al. (1979) . An aliquot (ca. 1.5 g) of sediment was spiked with 209 Po and 167 partially digested with 8 N HNO 3 via microwave heating. 209 Po and 210 Po in solution 168
were then electroplated onto Ni planchets in dilute acid (modified from Flynn, 1968) . 169 210 Pb Excess was determined by subtracting the 210 Pb activity supported by 226 Ra from the 170 total 210 Pb activity, where the supported 210 Pb activity for a given core was assumed to 171 be equal to the uniform background activity found at depth (Nittrouer et al., 1979) . The 172 simple model proposed by Robbins (1978) and a constant rate of supply (CRS; Appleby 173
and Oldfield, 1978) were used as they are the most suitable for the region (Irabien et al., 174
2008; Leorri et al., 2010) . Two additional samples (41 cm and 91 cm depth) were 175 analyzed for 14 C at Beta Analytic Inc. (USA) to provide a complete chronological 176 framework (Table 1) . Sediments were pretreated by acid wash and subjected to 177 accelerator mass spectrometry (AMS) 14 C dating. Conventional radiocarbon dates were 178 calibrated using IntCal09 (Reimer et al., 2009) . 179 180
Lipid extraction and analysis 181
Freeze-dried sediment (ca. 5 g) was ground in a mortar and free lipids 182 were extracted using Soxhlet apparatus with CH2Cl2:MeOH (3:1, v/v; suprasolv 183 Merck) for 16 h. Elemental S was removed from the extract using activated Cu 184 and the extract was concentrated using a rotary evaporator. Total lipid content 185 was determined in duplicate by gravimetry and expressed relative to TOC. An 186 aliquot of concentrated extract was saponified (3 h, reflux with 0.5 N KOH in 187 MeOH). Neutral and acid fractions were isolated by extraction with hexane 188 before and after acidification to pH <1, respectively. The acid fractions was 189 western Asturias, León and Galicia through elaborate hydraulic mining methods 309 using water supplied by hundreds of km of canals that traverse the mountainous 310 countryside (Sánchez-Palencia and Suárez, 1988). In this sense, it is known 311 that the transfer of larger quantities of reactive OM to anoxic zones increases 312 sulfate reduction, decreasing considerably the C org /S ratio (Leventhal, 1983) . 313
Nevertheless further studies would be needed to confirm this hypothesis. 314 δ 13 C values are neither significantly influenced by sediment grain size 315 nor particularly sensitive to environmental or depositional factors, making them 316 useful indicators in reconstructing past sources of OM (Meyers, 1997) . Thus the 317 isotopic difference between OC produced by C 3 land plants and marine algae 318 has been used to trace the delivery of OM to sediments of estuarine and coastal 319 areas (Prahl et al., 1994) . In our core, the δ The core sections had extractable lipid content between 5.2 % and 16.9 344 % of the TOC (Fig. 2) . A significant inverse correlation was observed between 345 lipid content (%TOC) and δ 
n-alkanes 368
The n-alkane distribution was quite similar through the core, occur in the 369 C 15 -C 34 range (Fig. 3a) with a monomodal distribution maximising at C 31 or C 29 370 and an odd predominance, which is usually related to the input of wax lipids 371 from higher plants. Several parameters using n-alkane abundance were used to 372 reconstruct changes in the origin of the sedimentary OM, vegetation type and 373 climate (Fig 4a) . A common one is the carbon preference index (CPI), which is 374 used as indication of n-alkane source. A value ≥ 5 characterizes hydrocarbons 375 from vascular land plants, whereas values close to 1 are thought to indicate 376 greater input from marine microorganisms, petrogenic input and/or recycled OM 377 (Kennicutt et al., 1987) . In environmental organic geochemistry, CPI is used to 378 indicate the degree of diagenesis of straight chain geolipids and is a numerical 379 representation of how much of the original biological chain length specificity is 380 preserved in geological lipids (Meyers and Ishiwatari, 1995) . CPI values > 3; 381 OM from land and aquatic flora although it may over-represent the absolute 410 amount from terrigenous sources (Meyers, 1997) . The values ranged (Fig. 4a)  411 from 3.8 (1960-1985 AD) to 15.1(1600-1700 AD), which again pointed to a 412 significant reduction in continental discharge during the 1960s and 1970s (E1), 413 locating the maximum terrestrial signature during the LIA (Fig. 2) . In addition, 
FAs 419
The FAs ranged from C 14 -C 32 with a strong even predominance (CPI e/o 420 3.1 to 6.1) and C max at C 26 (Figs. 3b, 4b ). In addition, the monounsaturated FAs 421 ascribed to marine sources including bacteria and diatoms (Volkman et (Fig. 4b) . The progressive increase through the RWP could be related to 437 deforestation and the intensification of human impact during that period. 438 439
n-Alkan-2-ones 440
A homologous series of n-alkan-2-ones (methyl ketones) from C 15 to C 31 441 was detected in all the sections (Fig. 3c) The n-and exhibited a strong odd 442 predominance (CPI o/e ket 2.9-4.4; Fig. 4c ) with a maximum at C 27 . The ACL 443 values for the C 25 -C 35 n-alkan-2-ones ranged from 27.0 to 27.9 (Fig. 4c) . A 444 similar distribution has been reported to occur in many sedimentary 445 environments, including marine and lacustrine sediments (Volkman et al., 1983 ; 446 
570
Reconstruction of a subalpine grass-dominated ecosystem, Lake Rutundu, Mount 
